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Abstract. Conventional and unconventional energy production has an important contribution to
carbon footprint enhancing. Because of large controversy of shale gaze exploitation perspective in
Romania, we consider of high interest to emphasize, a methodology for quantifying the carbon
footprint of the methane resulted from shale gaze exploitation. In context of analyzing the relatively
new unconventional energy resource as shale gaze exploitations, we are mentioning the American
literature, who shows that 3.6% - 7.9% of the methane from shale-gas production escapes to the
atmosphere in venting and leaks over the lifetime of a well. The methodology, we analyze, takes into
account direct emissions of CO2 from end uses consumption, indirect emissions of CO2 from fossil
fuels used to extract, develop, and transport the gas, methane fugitive emissions, venting and
equipment leaks, in accordance with steps recommended by the Organization Environmental Footprint
(OEF) Guide. The source of examples is EPA emissions report 2010. An important step for
responsible management, of this new approached perspective of energy producing in Romania, is to
take into consideration all issues that could contribute to environmental safety, and among these the
calculation of the carbon footprint is of interest, due to the important details it supplies.
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INTRODUCTION
The sintagm ”carbon footprint” defines the contribution of the human and industrial
activities in terms of carbon dioxide emissions and equivalent of carbon dioxide emissions
(other greenhouse gases emissions). Conventional and unconventional energy production has
an important contribution to carbon footprint enhancing all over the world (Holmberg et al.,
1999; Pelletier et al., 2012).
One of these unconventional gas sources is the shale-gas. Already well known
technologies are used for shale-gas extraction (e.g. directional drilling, hydraulic fracturing).
The history of the potential use of the hydraulic fracturing dates since the beginning of the
XXth century, when it was elaborated, in order to improve the oil/gas extraction procedures
(Bamberger and Oswald, 2013).
Presently, even possesses important reserve of conventional resources, our country is
tributary, in a share of about 30%, to the import. This is the reason why identifying and/or
exploitation of these resources unconventional gas sources represent an interesting
opportunity for Romanian authorities. Even very controversy, the shale-gas extraction, if
correctly exploited, may bring serious benefits to our country. Such a source seems to be the
shale-gas (Odagiu et al., 2013). Because of large controversy of shale gaze exploitation
perspective in Romania, we consider of high interest to emphasize, based on previous
calculations cited by literature, a methodology for quantifying the carbon footprint of the
methane resulted from shale gaze exploitation, in a larger approach supplied by environmental
footprint.
MATERIAL AND METHOD
In context of analyzing the relatively new unconventional energy resource as shale
gaze exploitations, we are mentioning the American literature, who shows that 3.6% - 7.9% of
the methane from shale-gas production escapes to the atmosphere in venting and leaks over
the lifetime of a well.
Literature emphasizes different approaches of this issue, but each of them delivers
almost the same results. Three of these approaches are the most valuable (Rees and
Wackernagel, 1996; Holmberg et al., 1999):
1).First approach take into consideration the use of an area constructed based on
full carbon cycles in order to emphasize the bio-fuels (methane, ethanol, etc.) production.
2).The second approach also takes into consideration the use of an area
constructed based on the need of compensating only the energy of biochemical type, resulted
from the combustion of fossil fuel, without taking into account the wood (as raw material),
which has not the ”same technical quality as fossil fuel or bio-fuels”.
3).The third approach involves the use of an area calculated by taking account the
needed new planted forest surface for sequestering the CO2 resulted from the combustion of
fossil fuel within different processes
RESULTS AD DISCUSSIONS
The literature shows that the most important source of shale gas emissions are the
stage of hydraulic fracturation of wells and subsequent stage following the fracturing, drilling
out, respectively. The methodology, we analyze, takes into account direct emissions of CO2
from end uses consumption, indirect emissions of CO2 from fossil fuels used to extract,
develop, and transport the gas, methane fugitive emissions, venting and equipment leaks, in
accordance with steps recommended by the Organization Environmental Footprint (OEF)
Guide. The source of examples is EPA emissions report 2010 (OEF, 2010).
In order to calculate the ecological footprint (EF) we have to take into account all
types of CO2 sources, as type of energy, resources, waste (Tab. 1).
Tab.1
Main inputs taken into consideration for calculating the ecological footprint
for a shale-gas extraction facility
Energy (kW) Resources (t) Waste (t)
Carbon Metal Sand
Liquid fuel Wood Gaseous waste - hard traffic emissions
Gas fuel Iron Wastewater
Hydro energy Water Additives
The first step of calculating the EF is the calculation of energy units (EVi) from the
rate of energy intensity (EIi) multiplied by the original value (Vi) of each category (Tab. 1).
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The next steps consists in calculation of the natural productivity (NPi) and energy
productivity (EPi), taking into account that the calculation of the EF needs six type of space,
namely: fossil energy consumption, arable land, built-up areas, pasture lands, forest and sea.
In order to bring all inputs (all types of land considered upon their productivity, Tab. 2) into a
common form, one must apply an equivalence factor (Fj).
Tab. 2
The equivalence factors (Fj), adapted after Wackernagel et al., 2005, cited by Herva et al., 2008
Land category Equivalence factor - Fj
Fossil energy 1.4
Arable land 2.1
Built-up areas 0.9
Pasture land 0.5
Forest 1.4
Sea 1.1
It allows the calculation of the area (ha), Aik respectively, needed for the specific
category (i) of each of the main ones, energy – E, resources – R, or waste – W.
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The total area representing the EF results by addition of all three categories (energy,
resources, and waste), namely Ak, made up of the sum of the entries (Aik) belonging to each
considered category, k.
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The share of particular categories (Cik), and main categories (Ck) may be emphasized.
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The methodology proposed, also allows the calculation of the share of the
contribution of each energy category (ECiE)
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In order to compare the EF between different years, another parameter may be
introduced, namely the relative index, EFr. It can be calculated by dividing the Ecological
Footprint of the year to the number of extractions performed Pyear.
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Finally, we propose to take into account another parameter, the Net Ecological
Footprint (NEF), resulted from the diminishing of Ecological Footprint (EF) by the Counter
Footprint (CF).
NEF = EF - CF
The methodology proposed for calculating the Ecological Footprint for shale-gas
exploitation may be an important tool in assessing the pollutant potential of this operation.
CONCLUSION
An important step for responsible management, of this new approached perspective
of energy producing in Romania, is to take into consideration all issues that could contribute
to environmental safety, and among these the calculation of the carbon footprint is of interest,
due to the important details it supplies.
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